Purpose: This study was performed to evaluate the effectiveness of conventional chest radiography, carcinoembrionic antigen (CEA) level and abdominal computed tomography (CT) or chest CT for early detection of pulmonary metastasis after a curative resection of colorectal cancer. Methods: We retrospectively reviewed 84 cases of pulmonary metastasis from a group of colorectal cancer patients who had a curative surgical resection from 2000 to 2006 at the Korea University Medical Center. Results: Stage I tumors were detected in 4 patients, stage II tumors in 18, stage III tumors in 43 and stage IV tumors in 19. The detection rates for pulmonary metastasis were 28.5% by conventional chest radiography, 40.5% by increased CEA level and 28.5% by abdominal CT or chest CT. Among them, fourteen patients underwent a radical pneumonectomy. After detection of pulmonary metastasis, the survival outcome for the patients who underwent a resection of the lung was superior to the survival outcome of the patients who did not undergo a resection of the lung (43.7 months vs. 17.4 months, P = 0.001). For patients who underwent resections of the lung, pulmonary metastasis was detected by conventional chest radiography in 2 (14%) patients, by elevated CEA level in 6 (42%) patients, and by abdominal CT or chest CT in 6 (42%) patients. Conclusion: Conventional chest radiography is no more useful in detecting early pulmonary metastasis after a curative colorectal surgery than a routine chest CT. Thus, we propose the use of routine chest CT for screening for lung metastasis.
INTRODUCTION
The incidence of colorectal cancer in Korea is showing a steady increase because of life-style changes. According to the statistical results from the Ministry of Health and Welfare in 2008, colorectal cancer accounts for 12% of total domestic cancer. Accordingly, interest in the prevention and treatment of colorectal cancer has increased, and numerous research results are being reported. However, approximately half of the colorectal cancer patients who are treated with a radical resection even-lapse and increased lung excision rate increasing the survival rate, the effect of periodic follow-up examinations on the survival rate is a tenuous effect. The authors of this research retrospectively observed patients who had pulmonary metastasis after a radical resection of colorectal cancer and attempted to determine which follow-up observation methods were useful in diagnosing pulmonary metastasis. Also, follow-up observation methods to improve the patient's prognosis through early diagnosis of pulmonary metastasis, radical pulmonary resection, or systematic anticancer chemotherapy were studied.
METHODS
From January of 2000 to December of 2006, patients with colorectal cancer who were treated with a radical resection at Korea University Medical School were retrospectively surveyed based on their medical records. Among 1,124 patients 84 had pulmonary metastasis, and for them follow-up test methods were surveyed. Patients who had a radical resection while having metastasis in other organs were added to the subject group, and patients who already had pulmonary metastasis were excluded from the group.
Categorization of stage was done by using the American Joint Committee on Cancer (AJCC) cancer staging manual (6th edition). Primary colorectal cancer was categorized as cancer of the ascending colon, transverse colon, descending colon, sigmoid colon, rectosigmoid junction, or rectum based on its location. In primary cancer stage II cases where radical surgery was performed, chemotherapy based on fluorouracil was done. In patients with a stage greater than stage III, chemotherapy based on oxaliplatin and fluorouracil was used in colon cancer cases, and chemotherapy based only on fluorouracil was performed in rectal cancer cases. Radiotherapy was done along with chemotherapy in patients diagnosed with T4 rectal cancer after agreement with the patient. A chest plain film examination was executed in each hospitalization of patients going through chemotherapy. Patients with fluorouracil chemotherapy were tested after 6 treatments, and patients with oxaliplatin and fluorouracil chemotherapy were tested every 3-4 cycles. Periodic examination was done every 6 months within 1 year after surgery when the first stage was stage I. Each year, a chest plain film examination, colonoscopy, an abdominal CT, and a tumor marker test were done. After the first year, a periodic physical examination, a chest plain film examination, colonoscopy, an abdominal CT, and a tumor marker test were done for 5 years. In patients with stage greater than stage II, chemotherapy was performed, and the periodic examination and test periods were different. The primary diagnosis method for pulmonary metastasis was chest plain film examination or chest CT done because of chronic cough lasting longer than one month or haemoptysis whereas primary indicators of pulmonary metastasis were an increase in the CEA value on the periodic examination (increasing more than twice; CEA value doubled) in spite of no significant symptoms, a nodule observed on the chest plain film examination or on abdominal or chest CT. The final diagnosis of pulmonary metastasis included diagnosis after needle aspiration cytology or pneumonectomy and continuous increase in nodule size through numerous chest CT scans.
Pulmonary metastases were categorized as a single nodule in one lung, a multicentric nodule in one lung, or a multicentric nodule in both lungs. Patients were categorized as a radical pneumonectomy group and as a chemotherapy-due-to-impossible-pneumonectomy group, and their average survival periods were compared. Statistical analysis was done by using the SPSS ver. 15.0 (SPSS Inc., Chicago, IL, USA) program. Data were considered as statistically significant if the P value was less than 0.05. The survival analysis was done by using the Kaplan-Meier method.
RESULTS

Characteristics of patients
A total of 1,124 patients underwent surgery because of colorectal cancer. One hundred seventy-seven patients were in stage I, 406 patients were in stage II, 442 patients were in stage III, and 99 patients were in stage IV. Eighty-four patients were diagnosed with pulmonary metastasis during follow-up observation ( Table 1 ). The stages of these 84 patients during primary cancer surgery were 4 stage I patients, 18 stage II patients, 43 stage III patients, and 19 stage IV patients. Forty-two patients (50%) were male and 42 patients (50%) were female ( Table 2 ). The average age of the patients was 60.3 years (range, 31 to 83 years). The median of follow-up observation period was 39 months (range, 3.7 to 86.9 months).
Fourteen patients underwent a radical pneumonectomy, and 70 patients were treated with chemotherapy and conservative treatment. The pneumonectomy group consisted of 10 female patients (23.8%) and 4 male patients (9.5%), but this difference was not statistically significant. Also, there were no statistically significance differences within the pneumonectomy as to differentiation and stage ( Table 2) . (Table 2 ).
Diagnostic method of pulmonary metastasis
Two patients (2%) were diagnosed with pulmonary metastasis after colorectal surgery based on abnormalities in the CEA and on the chest plain film, abdominal CT, and chest CT. Twentyfour patients (28.5%) were diagnosed during periodic chest plain film test although there were no symptoms. Thirty-four patients (40.4%) were diagnosed through abdominal or chest CT based on a continuous increase in the CEA level. Twentyfour patients (28.5%) were diagnosed through chest CT after abnormalities were found in the abdominal CT (Table 3) . Also, 88% of the patients diagnosed with pulmonary metastasis had increased CEA values. Especially, in the pneumonectomy group, there were no cases where relapse was discovered through symptoms. Two patients (14%) were diagnosed with relapse through chest plain film results, 6 patients (42%) were diagnosed through increased CEA level, and 6 patients (42%) were diagnosed through CT scanning. Thus, the surgical treatment rate was high in cases where relapse was diagnosed through CEA or CT scanning (Table 4) .
Pulmonary metastasis pattern comparison
Among 84 subject patients, 7 showed a single nodule, 23 show ed a multicentric nodule in one lung, and 54 showed a multicentric nodule in both lungs. Only conservative treatment was Values are presented as number (%). done in patients with a multicentric bilateral nodule. In single nodule cases, a pulmonary wedge resection was performed. A single lebectomy was performed when the nodule was limited to one lobe. Among the multicentric pulmonary metastasis group, 3 patients were in the surgical group, and 51 patients were in the non-surgical group (Table 5) .
Prognosis after a diagnosis of pulmonary metastasis
Among 84 subject patients, 23 are still alive, 4 were not followed, and 57 are deceased. The average survival rate of the surgical group was 43.7 months and that of the non-surgical group was 17.4 months ( Table 6 , Fig. 1 ). This difference was statistically different (P-value, 0.001).
DISCUSSION
Among patients with primary colorectal cancer treated with surgical treatment, approximately 50% have relapse within 5 years. Among remote metastases, hepatic metastasis is the most common at 40-80%. and pulmonary metastasis is the next common at approximately 10% [1, 2] . In this research, pulmonary metastases were observed in 7.4% of all colorectal cancer patients. Because pulmonary metastasis in colorectal cancer is often accompanied by liver, brain, bone, and many other multicentric metastases [3] , a pnumonectonomy is rarely executed. However, in cases with a single pulmonary metastasis, a pneumonectomy will increase the 5-year survival rate from 14% to 78.7% [1, 2] . Accordingly, a single pulmonary metastasis in its early stage will result in an increased survival rate, which amplifies the importance of effective tests for early diagnosis [4] .
Generally, pulmonary metastasis occurs more frequently in rectal cancer than colon cancer. This is known to be true as vein flow for the mid or the low rectum comes from systematic vein flow. This research also showed more frequent pulmonary metastasis in rectal cancer than in colon cancer.
After a radical resection of colorectal cancer, metastasis detection is done using CEA analysis, abdomen ultrasonography, and abdominal CT. In cases of pulmonary metastasis, a chest plain film test every 6 months in the first 2-3 years is the most effective and economical method [5] . However, in recent studies, CEA analysis and chest CT have been suggested because diagnosis through the results from chest plain film often preclude surgery [6, 7] . In this research, 2 patients (14%) were diagnosed with pulmonary metastasis through a simple chest X-ray, so it is thought to be difficult to diagnose metastasis in its early stages when using this technique. CT scanning has higher rates for pulmonary metastasis diagnosis because of hematogenous metastasis, multicentric nodules, and variously sized nodules existing in both lungs in the 1/3 location between the peripheral subpleural region and the lateral lung [8, 9] . Ike et al. [10] reported that focused screening tests including CT and active pneumonectomy can increase treatment records of pulmonary metastasis in colorectal cancer Patients. Hatanaka [11] mentioned that most pulmonary metastasis patients get it within one year after surgery and that although CT scanning in all patients is inefficient, it should be done every year in patients with lung cancer and a possibility of pulmonary metastasis. On the other hand, Schoemaker et al. [12] reported that screening tests, including chest plain film and CT, do not affect the survival rate of patients with pulmonary metastasis. In pulmonary nodule diagnosis, chest CT is known to be more sensitive than a chest plain film test because the former allows 2 mm to 3 mm miniature nodules to be diagnosed. However, chest CT is also known to have a low specificity as diagnostic method of pulmonary metastasisand high cost, it exposes the patient to radiation, and it is not performed as a general screening test [13] [14] [15] . In this study, the pulmonary metastasis diagnosis rate of CT scanning was not significantly higher than that of a chest plain film test. However, bilateral pulmonary metastasis was a common metastasis pattern, and other research showed similar results. Thus, increased chest CT should enable early pulmonary metastasis diagnosis. However, no periodic chest plain film test or chest CT was done during the follow-up observation. Thus, this research did not show any difference between chest plain film test and chest CT.
Surgical treatment for pulmonary metastasis is known to have a greater survival rate than non-surgical treatment [16, 17] . Rena et al. [18] reported that surgical treatment was done based on these indications: radical surgery for primary colorectal cancer treatment, no metastasis other than pulmonary metastasis, single nodules or limited to one lung, or single nodules limited to one side of the lobe even if multicentric. Since cases where surgical treatment is possible have relatively less developed metastases, it is difficult to compare the survival rate. However, the surgical group had a much greater survival rate than the non-surgical group. Therefore, early diagnosis of pulmonary metastasis for surgical treatment is thought to be important. Higashiyama et al. [19] insists that an increase in the CEA level is an important prognostic factor among surgically-treated colorectal cancer patients with pulmonary metastasis. In this research, metastasis diagnosis rate based on increased CEA level (42%) or CT scanning (42%) was higher than that based on chest plain film tests (14%). This shows that, as follow-up tests, continuous CEA testing and CT scanning are necessary for colorectal cancer patients rather than chest plain film tests.
The 2009 National Comprehensive Cancer Network (NCCN) guideline also suggests CEA level testing and CT scanning as follow-up tests for postoperative colorectal cancer patients. Hence, postoperative CEA level testing and CT scanning are thought to be reasonable.
The limitations of this research are the small subject group, the lack of specific tests in past follow-up testing, and difference in lengths of the follow-up observation periods. Recently, chemotherapy has been used, along with periodic chest plain film tests or CT scans, for colorectal cancer patients with greater than stage II cancer. Therefore, continuous analysis should enable effective tests for diagnosing pulmonary metastasis of colorectal cancer.
Pulmonary metastasis after radical surgery for colorectal cancer was more frequent in patients with rectal cancer. CEA level and CT can be considered as effective follow-up tests in pulmonary metastasis diagnosis because of their having a greater associated radical pneumonectomy rate, and a radical pneumonectomy in pulmonary metastasis patients increases the long-term survival rate. Accordingly, periodic CEA level analysis and CT scanning are effective pulmonary metastasis follow-up tests for colorectal cancer patients (especially patients with rectal cancer) and should increase early diagnosis and survival.
